Hyperammonaemia due to a deficiency of hepatic ornithine transcarbamylase (OTC) activity was first described by Russell et al. (1962) and the clinical and biochemical features in several patients have been reviewed (Levin, 1971; Shih and Efron, 1972) . Together with other urea cycle defects, it may be indicated by mental and physical retardation coupled with protein intolerance, raised plasma levels of ammonia, glutamine, and sometimes alanine, and increased urinary excretion of ammonia and pyrimidine metabolites (Levin, 1971; Palmer, 1973) . Though distinguishable from the other diseases of the urea cycle by the failure to find raised quantities of citrulline, argininosuccinic acid, or arg.iine in the plasma or urine, hyperammonaemia can only be diagnosed with certainty by assay of the liver enzymes of the urea cycle.
In addition to the 13 families included in the recent review of Short et al. (1973) , 7 further families are now known to be affected (referencessee Table I ). Investigations into 3 of these are described here, together with further studies on 2 previously documented ones. The mode of inheritance is discussed in the light of the new results. The form of hyperammonaemia caused solely by a carbamyl phosphate synthetase (CPS) deficiency (Freeman et al., 1970; Odievre et al., 1973 ) is a separate topic and will not be considered here.
Methods
The methods used for the detection of hyperammonaemia have been previously described (Levin et al., 1969a, b, c) . Blood for amino acid determinations was collected in each case before and after a protein load ingested during the morning (Palmer, 1973) and indicated in Table I by (+) and (-), respectively. Also included are the liver OTC activities at pH 7 and 7 -7-8 * 5 and liver CPS activities. OTC activities measured between pH 7 7 and 8&5 have been grouped together, though results do vary with the different buffers which have been used by various investigators. For better comparison, the activities have been expressed in Table I as a percentage of the mean activity obtained in controls by the same investigators under the same conditions. In the controls investigated by us, the lowest OTC activity was 76% of the mean at pH 7, and 67% of the mean at pH 8. The lowest CPS activity was 57% of the mean.
Most of the information in Table I has been compiled from data published in detail. Relevant references are given. However, there are 5 families in which some or all of the investigations have not previously been published, and results of these are reported here.
Present investigations.
Family 2 (Table I) . This is the family in which hyperammonaemia in mother and child was first reported (Levin et al., 1969a) . Amino acid levels in plasma and urine from 3 members of the family have now been determined. Both the maternal grandmother and maternal uncle of the propositus had high plasma and urine glutamine levels, but those of a maternal aunt were normal (Table IV; Palmer, 1973) . The father of the propositus was examined on two occasions and on each he had slightly raised fasting plasma glutamine levels, 14 0 and 13 8 mg/100 ml. Corresponding plasma ammonia levels were also raised, 63 and 67 ,ug NH3-N/100 ml.
Family 9 (Table I ). The propositus, J.K., was a 4-year-old Yugoslav girl who also had unexplained ketosis. A biopsy specimen of her liver had a low OTC activity (Table II) . Amino acid levels in plasma collected fasting and 3 hours after a protein load from the patient and her mother are given in Tables III and IV , respectively. Raised plasma glutamine levels were found in both specimens from the child, while those from the mother were normal. All other plasma amino acid levels were within normal limits for both subjects. The corresponding plasma ammonia levels of the affected girl were also high, 185 and 400 t±g NH3-N/100 ml respectively, whereas the fasting level of the mother was normal, 39 ,ag NH3-N/100 ml.
Family 14 ( Table I ). The propositus, J.M., was a 2-year-old West German girl. The OTC activity in a biopsy liver specimen was low (Table II) . Plasma, urine, and CSF amino acid levels have been given in an earlier review (Levin, 1971, Table 6 ). 4 of her brothers died as neonates, and the liver OTC activity in a necropsy specimen from one, B.M., was found to be low (Table II) .
Family 18 (Table I ). The propositus, N.H., a girl, died at the age of 5 years, a few months after the onset of symptoms. Hyperammonaemia was diagnosed at the Willink Biochemical Genetics Laboratory, Royal Manchester Children's Hospital, and an OTC defect was shown in a necropsy liver specimen at our laboratory (Table II) .
Family 19 (Table I) . Levels of all plasma amino acids, including glutamine, of the father and younger brother of a boy, P.L., described as having a variant type of OTC defect (Levin et al., 1969b) , were normal (Palmer, 1973) . Plasma ammonia was determined in the brother of the propositus and was also found to be normal. The plasma glutamine level of P.L. has been consistently high in spite of treatment by low protein intake, and when last measured at the age of 5 years it was 18 5 mg/100 ml. Table I . In all affected members of families 1-18, the liver OTC activities at both pH 7 and 7*7-8*5, where measured, were found to be conspicuously low. However, it does not necessarily follow that they are all suffering from an identical genetic defect. On the basis of the diagnostic features discussed above, the fathers of affected cases, with possibly two exceptions to be discussed later, appear to be normal, while the mothers are clearly affected in some families but not in others. The 18 families have therefore been grouped into those where the mother is affected (group A), those where she appears to be unaffected (group B), and those where the situation is unknown (group C). Group A includes one instance (family 3) in which a biopsy liver specimen from the mother had a normal OTC activity. However, she had high plasma ammonia levels and was considered by the investigators (Short et al., 1973) Inheritance of hyperammonaemia In the first family to be reported (Table I , families la and lb) the 3 affected children were all girls. Their mothers, who were sisters, appeared to be similarly affected for they had raised plasma levels of glutamine and ammonia, and a reduced OTC activity was found in the jejunal mucosa of one of them. No abnormality was detected in the fathers. A dominant mode of inheritance was considered to fit these observations more closely than a recessive mode, for the latter would require that two sisters, both heterozygous for the disease gene, had married 2 unrelated heterozygous male carriers and that the heterozygous state was only detectable in females. Furthermore, apart from 1 male who had a variant form of the disease, the first 10 cases were all female. It was therefore concluded that the disease was not only dominant but possibly sex-limited also, and that the expression in males might be lethal (Levin et al., 1969a, c; Levin, 1971) . In support of this suggestion a boy was later found to have an almost complete absence of liver OTC (Table I, family 3) and he died in the neonatal period. After a study of this and other families, Short et al. (1972 Short et al. ( , 1973 suggested that the disease might be X-linked, with affected males having a total defect ofliver OTC and affected females only a partial defect with a mean activity of 25 %. The same conclusion was reached by Saudubray et al. (1973) .
ILE
From the data now available (Table I) , only the families in group A provide definite information concerning the mode of inheritance. In group B and the variant group D, where the parents were normal, the occurrence of sibships containing only a single affected individual makes it impossible to distinguish between a recessive mode and a fresh mutation, while in group C the parents were not investigated.
Direct transmission from affected mothers to their offspring, shown in group A families, indicates a dominant mode of inheritance. For X-linkage to be present a number of factors must be satisfied. First, not only should both sexes be affected but the effects of random X-inactivation by Lyonization (Lyon, 1962) should produce a more variable and therefore generally less severe disease in the heterozygous females than in the hemizygous males whose single X containing the mutant gene is always active. Secondly, equal groups of offspring, normal and abnormal, for each sex, should be produced by female carriers, assuming regular segregation of the X chromosomes. Thirdly, there should be no transmission of the disease from hemizygous fathers to their sons. However, males with hyperammonaemia appear to be so severely affected that they die in the neonatal period and never procreate, so that this consequence of X-linked inheritance from affected fathers cannot be shown.
Obviously the number of individuals listed in group A of Table I normal values. This is consistent with random inactivation of the X chromosome (Lyonization).
The fathers of affected children appear to be normal, except in 2 families. In 1 (family 2), the father of the propositus had slightly raised plasma levels of glutamine and ammonia. His liver OTC activity at pH 8 was normal, but at pH 7 it was slightly low, and the enzyme was shown to have an abnormal Km to carbamyl phosphate. Thus, he may carry a gene for a variant type of hyperammonaemia, and the severity of his daughter's illness might have been due to the inheritance of a different type of hyperammonaemia from each parent. Also in family 2, the maternal uncle showed high glutamine levels in the only plasma specimens available, collected before and after a protein load, whereas similar specimens from the maternal aunt were found to be normal. In view of the limited studies made and the possibility of a labelling or other error before the arrival of the samples at our laboratory, these findings have to be treated with caution until they can be confirmed.
In the other family (family 6), the father may have had a slightly raised plasma glutamine level after a meal, but the result was equivocal since it was not known how much protein he had ingested. The propositus had very low hepatic activities of both OTC and CPS, so a variant disease with a recessive inheritance pattern might be involved in this case. However, the mother was clearly affected, with raised glutamine and alanine levels, and without more evidence this family cannot be considered different from the others in group A.
In conclusion, though it is impossible to satisfy all the criteria with the data available, there is strong evidence in many affected families for an X-linked dominant mode of inheritance for OTC deficiency, and while it cannot be assumed that all affected cases are suffering from an identical genetic defect, there is so far no positive evidence in any family for a different mode of inheritance.
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Correspondence to Dr. T. Palmer, Biochemistry Department, Queen Elizabeth Hospital for Children, Hackney Road, London E2 8PS. Addendum Three more cases of OTC deficiency have come to our notice. The first is a 3-year-old girl (Dr. M. M. Liberman, Northwick Park Hospital, Harrow) who has 22% of the normal hepatic OTC activity in pH 7 buffer and 33% in pH 8 buffer. Her 3 brothers, 2 sisters, and both parents had normal fasting plasma glutamine levels. The second is a boy (Professor J.-P. Farriaux, Lille, France) who has only 0-8% of the normal liver OTC activity in pH 7 buffer, but has 30% of the normal activity in pH 8 buffer. OTC activity has been assayed in intestinal biopsies from the parents. The mother's activity was 50% of normal while the father's intestine showed a normal activity. There are no sibs. The third case, described by Krebs, Hems, and Lund (1973) , was a 13-month-old girl with a liver OTC activity 2% of normal. 2 brothers had died as infants and a sister died at 9 months of age. Another sister was normal. These cases do not change our conclusions as to the mode of inheritance of hyperammonaemia. 
